Mined areas near the city of Galena, Kansas, provide a source of heavy metal 5 xmtamination, particularly cadmium (Cd), lead (Pb) and zinc (Zn). The metals move off-site in 6 response to erosion by wind and running water, spreading the contamination beyond its original 7 extent. Phytostabilization of the mine tailings could limit the spread of these heavy metals. The 8 purpose of this study was to attempt field-scale inoculation of tall fescue (Festuca arundinacea 9 Schreb) with mycorrhizal fungi to enhance growth and survival on a metal-contaminated mine 10 spoil, and to study the influence of cattle manure as a soil amendment on basic soil chemical 11 properties and on the chemical fractionation of Cd, Pb, and Zn. No evidence of successful 12 infection by mycorrhizal fungi was found. After the first growing season, vegetative cover 13 reached 71% but then steadily declined to 29% over the next two growing seasons. Extractable 14 soil phosphorus (P) levels remained constant throughout the study and were sufficient for normal 15 plant growth. Extractable potassium (K) levels declined throughout the study and v/ere not 16 sufficient for normal plant growth after the third year. Soil pH decreased from an average of 7.9 17 early in the study to 6.5 at the end. Plant tissue Zn concentrations suggested Zn phytotoxicity that 18 became worse over the course of the study. Manure increased the amount of organically bound 19 metals and generally decreased exchangeable levels. Between the first and third years of the 20 study, exchangeable forms of metals generally increased while residual forms decreased. These 21 changes are likely the result of the soil acidification that occurred during this same period, and 22 may have contributed to the decline in fescue productivity because of increased problems with 23 Zn phytotoxicity.
1 naturally achieve phytotoxic levels of Zn, and most Zn-contaminated soils result as by-products 2 of human activities such as mining and the creation of mine wastes (Chancy, 1993 ).
3 Even decades after mining activity has ceased, vegetation has established poorly or not at 4 all on the piles of chat. Numerous factors can limit plant growth on contaminated soils and mine 5 spoils including poor soil chemical and physical properties, and phytotoxicity from metals such 6 as Zn, nickel (Ni) and copper (Cu). Soil amendments can be used to correct problems with soil 7 chemical and physical properties. Residual materials such as animal manures, biosolids, and 8 composts will add plant nutrients, improve soil water holding capacity and may help reduce 9 phytotoxicity problems (Pierzynski and Schwab, 1993; Li et al., 2000) . Several studies have 10 shown that the use of commercial inorganic fertilizers to add plant nutrients will not improve 11 plant growth, while the addition of animal wastes such as cattle manure greatly increases plant 12 growth and survival (Hetrick et al., 1994; Levy et al., 1999) . Further, Hetrick et al (1994) 13 showed that inoculation of tall fescue with arbuscular mycorrhizal fungi (Glomus sp.) greatly 14 enhanced biomass production in a high Zn chat material under greenhouse conditions. Suggested 15 mechanisms included altered root architecture and rhizosphere microflora, enhanced ability to 16 withstand stress, and sequestration of Zn in fungal hyphae. This work provided the basis for the 17 treatments used in the study described in this paper.
18 Darmer (1992) has shown that revegetation reduces the off-site movement of mine waste, 19 and Green et al. (1997) wrote that this would also reduce the spread of heavy metals in the 20 Galena area because most of the metals there are adsorbed onto the soil matrix. Mathematical 21 modeling by Green et al. (1997) indicated that grass buffers could reduce sediment loss by 18%
22 to 25% over that of bare soil, and that sediment loss would be reduced by nearly 70% in the case 23 of total grass cover, which would greatly reduce the off-site transport of Pb and Zn from the chat.
24 This particular type of phytoremediation has been called phytostabilization by Chase (1995) , to 1 distinguish it from other remedial methods involving plants. Schnoor (1997) 15 etunicatum and G. clarum colonization was found using DNA primers, however it was sporadic 16 throughout the study and did not correspond to any of the treatments. For this reason, we 17 concluded that the inoculation was not successful and that any differences in fescue growth and i 18 tissue composition could not be attributed to the influence of mycorrizhae and these data are, 19 therefore, not presented -here.
20
Figure 2 shows vegetative (canopy) cover (VC) and basal (ground) cover (BC) for the (Table 2) , which is also consistent with the lack of mycorrhizal fungi infection noted 5 above. Cadmium concentrations were generally less than 7 mg/kg while Pb concentrations ? r e 6 less than 12 mg/kg. The Cd concentrations exceed maximum tolerable levels for use as forage 3 Nutrient deficiencies can limit plant productivity on mine spoil materials. The addition of 4 manure significantly increased extractable P and K in both the spring 1996 and fall 1998 soil 5 samples, with the exception of the SC treatment in 1.996 (Table 6) . Extractable P concentrations 6 remained constant over the course of the experiment and were at levels sufficient for forage 7 production while K levels decreased and were at levels insufficient for forage production by the end 8 of the study (Whitney, 1990 ). Thus, low soil K levels could have also limited fescue production.
9
The reason for this decrease is not known, however, given the coarse texture of the chat and the high 10 rainfall environment, leaching is a probably cause. Nitrate and ammonium levels were low overall, 11 with few treatment effects. The UMC treatment did have significantly higher extractable NtLrN 12 concentrations compared to all other treatments for the spring 1996 samples. This reflects the 13 manure additions without plant uptake of N. Organic C levels were significantly higher in fall 1998 14 for treatments receiving manure compared to the treatment that did not receive manure. However, 
